Abstract-Microwave breast cancer detection records the differences in electrical properties between healthy and malignant tissue. Tissue Sensing Adaptive Radar (TSAR) has been proposed as a method for early tumor detection. Reflections from the differences in electrical properties between healthy and diseased tissue (tumors) are time-shifted and summed to create images. In this paper, the TSAR second generation experimental system is presented. An antenna is tested and characterized, reflections are recorded and the image formation algorithms are tested. Finally, preliminary tumor detection with the experimental setup is evaluated.
I. INTRODUCTION
Breast cancer is a significant health issue for women and affects 1 in every 7 women [1] . The current method of detection is mammography, which involves x-ray imaging of a compressed breast. Mammography images the density of the breast and the images are used to locate suspicious areas. Although mammography is the gold standard, concerns related to the false positive and false negative rates exist [2] . Other clinical approaches to breast cancer detection include ultrasound and magnetic resonance imaging. These technologies are useful in specific cases (e.g. ultrasound is used to differentiate sold and liquid lesions). Therefore, there is an interest in a complementary method of breast cancer detection.
Microwave breast cancer detection relies on the differences in electrical properties between malignant and fatty tissues [3] . Active microwave approaches include tomography and radar-based imaging. Radar-based approaches, first presented by Hagness and colleagues [4] , involve focusing reflections from the breast in order to determine the location of significant scatterers (i.e. tumors). Two radar based imaging systems have been proposed: microwave imaging via-space time (MIST) beamforming [5] and tissue sensing adaptive radar (TSAR) [6] . The MIST system features a woman lying on her back with the antennas scanned over the naturally flattened breast. With the TSAR system, the woman lies on her stomach, the breast extends through a hole in the examining table, and antennas are scanned around the breast.
The experimental verification of each imaging system is the logical next step. The preliminary experimental work with the TSAR system was aimed at testing the algorithm on experimental data [7] . The breast model was comprised of a PVC pipe, wooden dowel and air to represent skin, tumor and fatty tissue, respectively. The objects had similar contrasts to those expected in the breast, and represented a 2D configuration. Recently, experimental results with the MIST system consisting of materials with contrasts similar to those expected in the breast model have been presented [5] . The skin was represented by a printed circuit board (
), the fatty tissue by soybean oil (
) and tumor with diacetin-water solution with varying permittivity and conductivity [5] . Although, these materials have similar contrasts to those expected in the breast, they are not representative of the actual electrical properties. The goal of the second generation experimental TSAR system is to image materials with electrical properties similar to realistic breast tissues. In a practical system, the breast and antenna must be immersed in an immersion liquid or substance to reduce the mismatch between the interior and exterior of the breast. Most of our investigations have used immersion liquids similar to that of fat [3] . Recently, a liquid similar to oil has been proposed as an appropriate immersion liquid [8] as it is more practical to implement. As well, improved signal-to-clutter ratios are achieved and fewer antennas are needed to scan a given volume.
This contribution reports preliminary work with the sec-ond generation TSAR prototype. The goals are to test and characterize an antenna, record reflections from an object and implement the image formation algorithms. In sections II and III the experimental system and signal processing are discussed. Section IV discuses the detection results with preliminary models and the experimental system. Section V outlines the future work with the experimental TSAR system.
II. EXPERIMENTAL SYSTEM
The experimental system is composed of a Plexiglas tank, immersion liquid, ground plane, antenna and tumor. The tank has a diameter of 40 cm and is filled with an immersion liquid of Canola oil (
). This liquid is low loss and provides excellent tumor detection capabilities. Additionally, fewer antennas are required to scan a given volume than with a higher permittivity liquid [8] . The top of the tank is covered with a ground plane with holes to place the antenna and tumor as necessary. The ground plane permits use of a monpole antenna. This places limitations on the breast models that may be examined, however is resonable for preliminary prototype system development. The experimental setup is shown in Fig. 1 .
The antenna used to illuminate the breast model is a resistively loaded Wu-King monopole [9] . The resistively loaded monopole is selected as it provides acceptable performance over the ultra-wideband frequency of interest. The monopole has length of 10.8 mm and was designed in a lossless liquid similar to oil with
. The design and characterization of the antenna is outlined in [8] . The antenna is fabricated using high frequency chip resistors (Vishay 0603HF, Malvern, PA, USA) soldered to a high frequency substrate (Rogers RO3203 series, Chandler, Arizona, USA). The substrate (
) has electrical properties similar to those of the Canola oil and is soldered to a metal plug and inserted into the ground plane of the tank. The fabricated antenna is shown in Fig. 2 . Tumors have electrical properties similar to those simulated in [3] . Tumors are fabricated using Alginate powder, water and salt in a ratio by weight of 115:250:14. The tumors are covered with a small layer of epoxy (Eccostock HiK cement, Emerson & Cumming Microwave Products, Table I . In all experiments, reflections are recorded with an 8719ES Vector Network Analyzer (Agilent Technologies, Palo Alto, CA, USA) connected to a 50-ohm coaxial cable. Data are recorded at 1601 frequency points and 16 samples are averaged at each frequency. The frequency range over which data are acquired is from 1 -10 GHz. The tumor is rotated around the center of the tank in 8 increments of
to simulate scanning the antenna around the tumor. Reflections are observed after each rotation.
III. SIGNAL PROCESSING The initial signal processing step is converting the frequency domain data to the time domain for use in the image formation algorithms [7] . The measured data are weighted with a differentiated Gaussian signal with center frequency of 4 GHz and full-width half maximum extent from 1.3 to 7.6 GHz. The data are transformed with an inverse chirp-z transform to produce the time domain signal.
The image formation algorithm is similar to that of [7] . The first step is calibration which involves subtracting the reflections recorded with no object present. This removes noise inherent in the system such as reflections from the Plexiglas tank. The remaining signal contains antenna mismatch and tumor reflection. The signals are integrated and focused. The focusing is performed by identifying a focal point inside the region bounded by the synthetic antenna array and calculating the travel time from each antenna to the focal point. The selected contribution of each signal is summed and the process is repeated as the focal point is scanned through the focusing region. The resulting image indicates the location of significantly scattering objects as reflections from these objects add coherently [7] .
The images are evaluated using the signal-to-clutter ratio and tumor extent. The signal-to-clutter ratios are calculated as the maximum tumor response recorded and compared to the maximum response in the same image with the tumor response removed [7] . The tumor extent is calculated as the full-width half maximum of the tumor response in the image.
IV. RESULTS
Three antennas are fabricated with the same profile and compared to simulations to confirm correct operation. The impedance of the simulated antenna in [8] is converted from a dipole to a monopole. The VSWR is shown in Fig. 4 . The results demonstrate a good match between all fabricated antennas and the simulated antenna. The VSWR is below 2 between 7 -10 GHz. The poor VSWR at lower frequency is expected as matching to 50 9 was not a design goal. However, the input impedance is relatively constant with frequency and an impedance transformer is feasible.
The epoxy layer on the tumor creates an extra interface between the immersion liquid and tumor. To confirm that it does not significantly affect the tumor response, simulations are performed in FDTD [11] . Two simulations are performed to analyze the tumor response and are performed with a simple breast model as in [3] . The first tumor is a 4 mm tumor covered with a 1 mm layer of epoxy and the second tumor is simply a 5mm tumor. The time signatures are similar for both tumor response and shown in Fig. 5 . A decrease in signal strength of 0.9 dB is observed with the tumor covered in epoxy. Therefore, it is acceptable to cover the tumor with epoxy as it increases the tumor detection difficulty. The tumor is rotated around the center of the tank and reflections are recorded at each antenna position. The reflections are imaged with the focusing algorithm. An image of a 1 cm tumor is shown in Fig. 6 . The tumor is clearly detected and located at x=7.7 cm, y=7.3cm while the actual physical location is x=7.5cm and 7.0 cm. The imaging results for the 1 and 2 cm tumors are compared in Table II . The signal-to-clutter ratio and tumor extent decrease with the smaller tumor, as expected. The results are promising as tumor detection is possible with very little clutter. 
V. CONCLUSION
Preliminary experiments to confirm the feasibility of detecting objects with realistic breast properties are presented. The antenna performance is evaluated and shows good agreement with simulations. Preliminary tumor detection was confirmed by rotating a tumor and recording reflections at each antenna. The reconstructed images show high signal-to-clutter ratios and good localization. Future research includes imaging tumors with materials representing skin and fatty tissue present.
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